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Considered i n  the  present  pa?er is t h e  r o l e  of c o l l i s i o n  pro- 
cesses  of molecules O2 with atoms Ne and A r  i n  metastable  states,  l e a d i n g  

t o  molecule O2 d i s s o c i a t i o n  with formation of e x c i t e d  oxygen atoms. Oxygen 

l i n e s  5577 and 6300 A a r e  emit ted a t  c o l l i s i o n s  wi th  argon and 02 lines 
A 8446 and 7774 A with  neon. The du ra t ion  of a f t e rg low may r each  s e v e r a l  

second6 a t  he igh t s  of  Iv 200km. 

0 

0 

* 
* * 

A t  c o l l i s i o n  of an exc i ted  atom wi th  a molecule, t he  lat ter may 
d i s s o c i a t e  i n  such a fash ion ,  t h a t  one of i ts  c o n s t i t u e n t  atoms is found 
t o  b e  i n  e x c i t e d  s t a t e .  Th i s  process is respons ib le  f o r  the  inve r se  popu- 

l a t i o n  i n  quantum genera tors  on the  mixture of molecular oxygen with  i d e a l  

gases  [l]. For example, t h e  d i s s o c i a t i o n  of t h e  oxygen molecule at  c o l l i -  
s i o n  neon atoms in the  metastable s t a t e  3 3 Po** may l e a d  t o  t h e  formation 

3 5 of an atom 0 i n  exc i t ed  s t a t e s  3 P and 3 P 

Ne (33P0) + 02 -+ Ne (2's) + 0 ( Z3P) + 0 (33P, 35P). (1) - 
(The enei-Fy of t k c  excite8 l e v e l  e3P Ne c o n s t i t u t e s  16.7 ev, t h e  d i s s o c i a -  
t i o n  e n e r n  of 02 is 5.09 ev, the e x c i t a t i o n  energy of t h e  oxygen l e v e l  

3 3 P is  10.9 ev and of t h e  3 5 P- 10.7 ev) .  The t r a n s i t i o n s  3 3 P - 3% give 
0 

t he  atomic oxygen emission line A 8446 A, on which t h e  genera t ion  w a s  

obtained.  

* 0 VOZI~OZIINOY R O L I  I-ZTASTABIL'I'YI(H S I S T O Y A N I Y  NZOIU I ARGONA V PR0TSESSAK.H 
POSUSVZC€iSNITA POT,Yfi?3'TlrT:I- S Iy!-:iiY. 
* *  I n  the  j l - b i n d i n r :  sc3.er.2, m o s t  convenient f o r  desc r ib ing  the  N e  spectrum, 
t h i s  s t a t e  i s  rienoted 2 p 5 ( P 1 i , ) 3 s [ Y 2 ] 0 .  For  t:ie sake of s i m p l i c i t y  we  s k a l l  u t i -  
l i z e  below 53P0 fo; Ce::o;i.EC t:.e LS-binding scheme. 
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Processes  of such a type may a l so  play a s p e c i f i c  p a r t  i n  the  exc i -  

t a t i o n  of some s p e c t r a l  l i n e s  i n  p o l a r  aurorae,  i n  p a r t i c u l a r ,  t he  l i n e  

A8445 A .  By coxparison with t h e  e a r l i e r  considered ones [ 2 ,  31, t h i s  exc i -  

t a t i o n  mechanism is  endowed wi th  a s e r i e s  of c h a r a c t e r i s t i c  p e c u l i a r i t i e s  

l i nked  i n  the  first p lace  w i t h  the prolonged l i f e t b e  of metastable  states. 

We s h a l l  demonstrate t h i s  on an example of oxygen l i n e ' s  8446 1 glow i n  

condi t ions  of b r i g h t  and moving shapes of aurorae,  e x c i t e d  by e l ec t rons .  

0 

When t h e  f l u x  of e l e c t r o n s  i n t r u d e s  t h e  atmosphere, t h e  e x c i t a t i o n  
of tke metastable  s t a t e  of ne02 3 3 Po is descr ibed by the  equat ion 

I 1  
dl \ r o  z 

CY [Ne] -[Ne'](-- + - ) , 
where [Ne], [He*] a r e  t!e co2centrat ions of Ne atoms i n  the  ground and 

metas tab le  s t a t e s ;  II'== Tle (u,&) i s  t h e  p r o b a b i l i t y  of e x c i t a t i o n  by e l e c t r o n s ;  

ne and ife are r e sTec t ivs ly  t t e  concentrat ion and t h e  v e l o c i t y  of e l e c t r o n s ;  
be is the  e f f e c t i v e  e x c i t a t i o n  c ross  s e c t i o n  of t h e  33P0 by e l e c t r o n  impact 
( t h e  b racke t s  mean averacinr.  by v e l o c i t i e s )  ; 1 /T' is the  p r o b a b i l i t y  o f  
breakdown of metastable  s t n t e s  3 3 Po on account of t he  process  (1); l / C o  

It is C s i e n t i a l ,  t h n t  the p r o b a b i l i t y  of r a d i a t i v e  decay of neon s t a t e  3 3 Po 
i s  t h e  p r o b a b i l i t y  of all t he  remainin? processes  of t h a t  s t a t e ' s  damping. 

is  zero,  inasmuch as the  t r a n s i t i o n s  3 3 Po - ZIS, a r e  forbidden for t h e  
e l e c t r i c  as wel l  as f o r  the  magnetic r a d i a t i o n s  of any mul t ipo le  order.  That 

is why t he  value of l / q 0  is e n t i r e l y  deternined by second k ind  c o l l i s i o n s  

w i t h  e l e c t r o n s  and o t h e r  ataosphere p a r t i c l e s .  The quan t i ty  1/r is de te r -  

nined by tke  c o r r e l a t i o n  
1 

-- = (vu> [ 0 2 ] ,  (3) 7 

where C023 i s  the concciitrntion of molecules 02; 6 is  the e f f e c t i v e  cross 
s e c t i o n  of t h e  process  (1); Q is the  r e l a t i v e  ve loc i ty .  

Assume tkat p is  t3-e share  of processes  (1) l ead ing  t o  t h e  exc i t a -  

t i o n  of t he  33 P l e v e l  of  oxygen. Then the  concent ra t ion  of e x c i t e d  oxygen 

atoms [ O * l  a t  the  331) l e 7 e l  w i l l  be determined by the  equat ion 

P 
dt z 
-- - q + - [Ne'] - A [O']. d IO'] 
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::ere p/.r [Ne*] arid q a r e  t h e  number of e x c i t a t i o n  events  of t h e  l e v e l  

3 P i> 1cm3 i n  1 s e c  or, account of process  (1) and on account of a l l  r e -  

maining p o s s i b l e  processes ,  i n  p a r t i c u l a r  of d i r e c t  e x c i t a t i o n  from the 

33 P - g3S ( X 8446 h ). 

3 

ground state 0; is t h e  t o t a l  p r o b a b i l i t y  of level's 0 r a d i a t i v e  decay c *I 
-.-- 

Accordinz t o  [l], p - 0.5. 
CorresTondingly t o  (21, the concent ra t ion  of neon atoms i n  meta- 

s t a b l e  s t a t e  Po is 

1 1 1  
[Ne'] = W [Ne] T, -?;-,,ft, - (5) 

0 
whereas the  number of Thotons 8446 A, e n i t t e d  i n  1 s e c  i n  an atmosphere 

column w i t h  a 1 c m  base a t  h e i r h t s  pTt'rl.ter t h m  h, is 2 

L e t  u s  coz:pc.re two sub- in tegra l  t e r a s  of t h e  expression i n  (6). 
The rnc?.is con t r ibu t ion  t o  q is  ev iden t ly  given by t h e  d i r e c t  e x c i t a t i o n  of 

t h e  l e v e l  3 P of oxygen by e lec t rons .  T h z t  i s  why, by order  of m a p i t u d e  3 

q x Mi'[O), 11,'' = u p ( r ~ c r ~ ) ,  (7) 
3 where 6' is  e x c i t a t i o n  c r o s s  sec t ion  of the l e v e l  3 P o f  oxygen by e l e c t r o n  

imgact. inasmuck as [O]>>[Ne], (J' 2nd d pzre q u a n t i t i e s  of same order ,  and 

T ,< T ( s e e  below), we hare 

Thus, i n  s t a t i o n a y  condi t ions  tile process  (11, descr ibed by t h e  second t e r m  
i n  ( 6 )  does p r a c t i c a l l y  play any ro l e .  T h i s  process ,  however, may induce 
quite Frnlantpd an af terglow,  determined by t h e  time T of metas tab le  neon 

states '  decay. 

Assume, for example, tfiat the  primary flux of e l e c t r o n s  drop6 from 

t h e  coxs t an t  value corresgonding t o  s t a t i o n a r y  state (51, t o  sero. As is 
shown by observz t ions  of aurarae ,  t he  c h a r a c t e r i s t i c  "cut t ing-off t1  time tc 
of e l e c t r o n  e x c i t a t i o n  (taking i n t o  account t h e  l i f e t i m e  of secondary elec- 
t r o n s ]  may be l e s s  than 0.1 sec ,  During t h e  time t, t h e  q u a n t i t y  q becomes 

[*I 
t h e  t ransi t ion. . . )  

i n s e r t  t h e  omitted words [ . . . p rac t i ca l ly  equal  t o  t h e  p r o b a b i l i t y  A of 
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cero, ortlile t h e  ~ l o v  i n t e n s i t y  of the l a y e r  h, h + dh decreases  by about 

IX t ines  ( t h e  q u a n t i t y  6 depends anTaTently on h). A t  t 2 tc t h e  glow of 
t h e  1a::er h , h  + dh is e n t i r e l y  determined by t h e  e x c i t a t i o n  of t h e  3 3 P 

oxyren l e v e l  on nccount of the  process (11, t h a t  is, i t  w i l l  damp wi th  t h e  

time cons tan t  T. For a v e r t i c a l  atrnosnhere column above ho, we o b t a i n  

m 

I ( t )  = 5 'c [Ne'],, exp (- t /T)dh, (9) 
ha 

350 ' 1,2.10" 1 1,5.1010 
4 ,4 *  10' 

910 1,7* 10' 

where [N~*]cT is tLc concent ra t ion  of metastable  atoms Ne in s t a t i o n a r y  

cond i t ions  (51, precedinr  t:ie " s u t t h g - o f f "  of the  e l e c t r o n  flux. It is 
assumed i n  (9)  t h a t  T >  l / A .  T o r  tke  l i n e  A8446 A t h i s  cond i t ion  is 
knowinrlg f u l f i l l e d .  The estimate of t h e  q u a n t i t y  T w i l l  be given below. 
Let  u s  now pass  t o  the  e s t ima te  of q u a n t i t i e s  

The depeiderce of t h e  value 02 t on he igh t  i s  de tera ined ,  i n  accordance 

wFth (31, by t > e  d i s t r i b u t i o n  of 02 molecules i n  t h e  atmosphere. The con- 
c e s t r z t i o n  of 02 and the  te.dperature m a y  be given on t h e  b a s i s  of t h e  

Har r i s - I ' r i e s t e r  noLel [4]. The cross  s e c t i o n  of t he  ;?recess (11, pc.rt of 
of f o r n u l a  (31, is 2.8 
the  concentr'.tio:: of 02, t:e t : zTera ture  a d  t 2 e  corresponding va lues  of  

are coqnilec' iz ?'-e TZblz b e r e a f t e r  

0 

f and T o ,  e n t e r i n g  ( 5 ) .  

cn2 L l ] .  l o r  t he  atmosphere noilel S = 200 

1 I 
- 
I I I I I 

The de-x::-.e-.ce of  'I: 0.1 kei-ht  nay 5e deccr ibcd w i t :  a p r e c i s i o n  

s u f f i c i e n t  f o r  o x  purpcses  by k:-c f o r c u l a  ( I n  t h e  region h - 200 km) 

The valu,:: oi' t o  is r'eterr;i.-cd by the e z t i n c t i o n  of t h e  metas tab le  
-. 

l e v e l  Of neon 3'P0 by e l e c t r o n s  and o the r  a tnosnhere p z r t i c l e s  ( a s i d e  

f r o n  02). The process  (1) i s  quasi-resonnnce; 2s a consequence its cross  
s e c t t o n  (2.8 lO"5 cn2) i s  very  -eat. T h t  i s  tlhy 1 /To could exceed 1 /f 
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a-132rently onlr i n  t he  case when the concent ra t ion  of 0 would c o n s t i t u t e  

l e s s  thqn one percer,t of ti-e t o t 2 1  concent ra t ion  of p a r t i c l e s  i n  t h e  atmo- 

s?here, i n d u c i n g  the  e l ec t rons ,  t h a t  is, at h e i g h t s  above 250- 300 km. 
Consecue-tlv, f o r  underlying l aye r s ,  we may assume T e$. 

2 

i t  moy be seen f r o x  the T-.ble t h a t  t he  atmosphere l a y e r s  below 150km 
are de-excited f o r  o? t i x e  4 1 sec. Inasauch as t h e  observa t ions  with t e m -  

n o r a l  r e s o l u t i o n  s i g n i f i c z n t l y  b e t t e r  t h n  1 sec,  present  cosniderable  d i f -  

f i c u l t i e s ,  we may liqit ourse lves  by the  cons i ce ra t ion  of a f te rg lows  wi th  

a cha rac t e r i s ' s i c  t i n e  g ren te r  tfim 1 sec. A t  t he  same t i m e ,  we s h a l l  assume 

i n  ( 9 )  ho = 150 k,m. 
The t i z e  i n t e r v a l  of observat ions may be l i m i t e d  f r o 3  above t o  seve- 

ral t e n s  of seconds, The main coctr i?mtion t o  a f te rg low i n t e c s i t y  i n  t h a t  

tine i n t e r v a l  i s  made by the  etnosphere l z y e r s  i n  t he  range from 1 9  t o  
25C-+ 300 kn, for which, as w?.s snown above, T GS t . Only an extremely 

we,&, 5 u t  lena thy  after,Tlow is  de ter2 ined  by higher  atmosphere layers .  

T h i s  allows us t o  s u b s t i t u t e  T by v i n  (91,  l e a v i n g  i n f i n i t e  t h e  upper of  

i n tog ra t ion .  - To complete t k e  i n t e g r a t i o n ,  i t  is necessary t o  h o w  i n  ( 9 )  
the  dependence of neon's and e x c i t i n g  e l e c t r o n s '  concent ra t ion  on height. 

The d i s t r i b u t i o ?  0:' neon c m c e n t r a t i i n  wi th  h e i s h t  may be t aken  xn 

the  forrti 

The neon concent ra t io2  i n  t h e  upner atmosThere is l i t t l e  known, for 
i ts  d i r e c t  neasuresents  a t  hei,$ts h 1 O O k m  a r e  absent ,  just as are t h e  

r e l i a k l e  t h e o r e t i c a l  computations f o r  t he  t r a n s i t i o n a l  reg ion  between the  

mixing zone (h  5 90km) a n d  the  zone of d i f f u s i v e  s e p a r a t i o n  (h 120km). 
For t he  e s t imz tes ,  we s h a l l  admit t h a t  a t  150 km the  concent ra t ions  of 
0- 2-d Ne d i f f e r  by 10 times,  t h ? t  is 

3 
L ---- 

[iVe]t,=rbo = 8 .  IO6 ca-3. (12) 

iIote, t h a t  i t  E?; be founC. TozsiSle t o  c'etcri.5ne t h e  Me concentra- 

t i o n  i n  metastab12 s t a t e  

sphere  i s  s u n l i t ,  f luorescence of Ne atoms i n  metastable  s t a t e  is poss ib l e ,  

t h -  t v ~ o u l d  be analogous t o  h e l i u !  glow i n  the  l i n e  10 630 A 16, 73. The Ne 
a t o n s  i r .  t he  s t a t e  3 3 P  m n t  provide s e v e r a l  f luorescence l i n e s ,  of which 

the  ao3t i n t e n s e  w i l l  be the  l i n e s  5 266. 495; 6 163.594 8. 

3 3 po direct ly .  Tf t ,-e conyiaered r eg ion  of t h e  atmo- 

0 
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Let u s  examine i n  what way the f l u x  of e x c i t i n g  e l ec t rons ,  and 

conseque;tly. t h e  q u a n t i t i e s  W and W', depend on he ight .  A s  is w e l l  
known, during a b r iFh t  po la r  aurora  t 5 e  p r i n c i p a l  s h a r e  of energy f l u x  

is genera l ly  borne by atmosphere-intruding primary e l e c t r o n s  wi th  energy 

of  s e v e r a l  kev. However, i n  order  t o  exp la in  t h e  d i s t r i b u t i o n  of b r igh tness  

wi th  he igh t  i n  p o l a  au ro ra  r ays ,  i t  is n a t u r a l  t o  assume the  ex i s t ence  

of a s i g n i f i c a n t  f r a c t i o n  of s o f t e r  primary e l e c t r o n s  (al though o the r  ex- 

p l r t la t ions  of t h i s  e f f e c t  a r e  ooss ib le ,  i n  p a r t i c u l a r  t h e  s i g n i f i c a n t  i n -  
c rease  of atmosThere denc i ty  a t  -eat he igh t s  i n  t h e  au ro ra  reg ion  as a 
consequence of dynamic processes  a t t end ing  the  i n t e n s e  hea t  l i be ra t ion  in 
the  r eg ions  of ,@ow). That is  why we assume, f o r  t h e  sake of s i m p l i c i t y ,  

t h a t  e l e c t r o n s  with enerTies  l e s s  than -1 kev a r e  usua l ly  absent  i n  t h e  

primary flux of e l e c t r o n s  i n t r u d i n g  the  polar  atmosphere. Direct experi- 

ments speak i n  f avor  of such an assumption [8, 93, which, however, a r e  

st i l l  episodic .  The pa th  of e l e c t r o n s  of a few kev i n  the  atmosphere a l lows  

t h e i r  pene t r a t ion  below the  130 km height .  I n  t h i s  case we may estimate 
t h a t  a t  kc igh t s  above 150 km t h e  energy of i n t r u d i n g  e l e c t r o n s  varies in- 
s i g n i f i c a n t l y  [lo]. consequently,  t h e  number of secondary e l e c t r o n s '  b i r t h  

even t s  per s i n g l e  e l e c t r o n  

a l l y  t o  the  r ise  of atmosphere dens i ty  as the  he igh t  decreases .  Thus, t h e  

concent ra t ion  and the  f l u x  of e l ec t rons ,  i nc lud ing  the  secondary e l e c t r o n s  

w i t h  eneri-ies 3 20 ev, providing the main con t r ibu t ion  im W and W', must 

not ,  i n  the  f i r s t  apnroximztion, depend on height .  These cons ide ra t ions  

a r e  cor robora ted  by the  r e s u l t s  of measurenent of photoe lec t ron  f lux w i t h  

energy > 4 0 e v ,  emerging i n  the atnosphere under the  a c t i o n  of s o l a r  u l t r a -  

violet [ll]. Indeed, t he  f l u x  of such photoe lec t rons  r i s e s  very  s lowly 

above N 200 km . 

of primary f l u x  w i l l  i nc rease  nea r ly  propor t ion-  

G'uViaiisly, s se r i e s  ef o the r  f a c t o r s  s t i l l  inf luence  t h e  dependence 

of W and Wt on he ight .  Thus, p a r t  of e l e c t r o n s  of primary f l u x  wi th  great 
p i tch-angles  may undergo the  rnaqnetic r e f l e c t i o n  a t  s u f f i c i e n t l y  g r e a t  

he igh t .  i3ecause 05  t h a t  ( j u s t  as i n  the  presence of primary e l e c t r o n s  wi th  

e n e r m  6 1 k e v )  t h e  f l u x  of primary e l e c t r o n s  may decrease wi th  the  he ight .  

The unknown d i s t r i b u t i o n  of e l ec t rons  by >i tch-angles  h inde r s  t h e  a t t empt s  

t o  e s t i n z t e  t h i s  e f f e c t .  However, t h e  experimental  data,  now ava i l ab le ,  are 

r s t f i e r  evidence i n  favor  of s i p i f i c a n t  i s o t r o p y  Of P r h m Y  e l e c t r o n s  and 

of i n v a r i a b i l i t y  of t h e i r  f l u x  with he ight  [lo]. 
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The r e l a t i v e  concent rz t ion  of s e c o n d a y  e l e c t r o n s  is  a l s o  d i f f i c u l t  

t o  es t imate  r e l i a > l y ,  p a r t i c u l a r l y  i n  t h e  region of s h a r p  atmosphere content  

v a r i a t i o n ,  t h a t  is, a t  h e i g h t s  from 100 t o  200 ki3. It appears  t o  be nonethe- 

l e s s  probable,  t h a t  t he  r o l e  ol secondary e l e c t r o n s  is determinine and t h a t  

3J and W' e i t h e r  do not  vary or increase  with height .  

Under these  condi t ions  t h e  main con t r ibu t ion  t o  ( W J e )  is made by 
e l e c t r o n s  wi th  energ ies  of s e v e r a l  t e n s  of e l ec t ronvo l t ,  For e l e c t r o n s  of 
such ene rg ie s  we aay a s s m e  t i ia t  t h e  e x c i t a t i o n  c r o s s  s e c t i o n  of t h e  l e v e l  
33 Po (tzkinrc i x t o  account t h e  cascade t r a n s i t i o n s )  is N 5 10 -18 c m  2 . 

Therefore  we may admit f o r  t he  lower es t imate ,  t h a t  t h e  f lux of 
e x c i t i n q  e l e c t r o n s  above 150 km does not  depend on he igh t  and t h a t  

W & 1.5 0 3  sec". 

Let us   pas^ t o  the  conputation of t he  i n t e g r a l  (9). According t o  

(51, (1C) m d  (111, 

where 

The n u l t i y l i e r  6 v z r i e s  con-c-Tatively slowly wi th  he ight :  fJ (150) = 1; 
f3 (30U) =6. ThTt i s  why dur ina  i n t e g r n t i o n  i n  ( 9 )  $ ( h )  may be s u b s t i t u t e d  

by t h e  mecin value E - 3 .  A f t e r  a s i m i l a r  s i m p l i f i c a t i o n  we s h a l l  have 

(14) 
1 -e-1 1 - e-t 

I ( 1 )  = p!V [ Ye],,=l&l (0,) ~ t - - 5-10-2nn,--- t r a y l e i g h  

where ne 
v e r a l  t e n s  of ev  i n  s t a t i o n z r y  condi t ions,  preceding t h e  i s o l a t i o n  of t h e  

primary flux. 

is the  co rxen t r a t ion  of secondary e l e c t r o n s  wi th  e n e r s i e s  of se- 

Fornula  ( l b )  desc r ibes  the a f te rg low 02 the  v e r t i c a l  atmosphere 
0 

column i n  the  l i n e  8446 A 
n i n r  f ron  about 1 sezond a f t e r  the i s o l a t i o n  of t h e  primary f lux .  

i n  the course of s e v e r a l  t e n s  of seconds, begin- 



,i - 
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I n  i n t e n s e  forms of aurorae ne may exceed - 10 cm-3, which cor-  

responds t o  t e n s  and hundreas of r ay le ighs  i n  (14).  Therefore ,  a t  abrupt  

i s o l a t i o n  of t h e  p r ina ry  f l u x  of e l ec t rons ,  t h e  l i n e  8446 

c rease  i n  time comparatively slowly a f t e r  quick drop by about al - lo3 times 

according t o  (14) [see ( 5 ) .  (12)].  A sinilar lag of l i n e 8 4 4 6  A emission 

by comparison wi th  o t h e r  allowed emissions w a s  a p p r e n t l y  observed Cl2). 
The e x c i t a t i o n  of oxygen atoms as a r e s u l t  of t h e  process  (1 )  is 

glow m u s t  de- 
a 

0 

endowed wi th  s t i l l  o t h e r  c e r t a i n  s p e c i f i c  p e c u l i a r i t i e s ,  Thus, simultaneous- 

ly w i t h  the  33P oxygen l e v e l ,  t h e  35 P one, i n t i a l  for t h e  l i n e  7 774 A , 
is be ing  e x c i t e d  too.  Laboratory measurements have shown t h a t  during exc i -  

t a t i o n  according t o  t h e  scheme (11, t h a t  is i n  af terglow,  t h e  i n t e n s i t i e s  

of t he  l i n e s  8446 and 7774 i ( i n  quanta) are r e l a t e d  as 5 : 2 [l]. However, 

und,er low-pressure gas  discharge condi t ions  t h e  l i n e  7774 A is u s u a l l y  more 

i n t e n s e  than  the  l i n e  8446 1. Although t h e  cond i t ions  of t hese  l ines '  exc i -  

t a t i o n  i n  a gas d ischarge  and i n  the  upper atmosphere d i f f e r  considerably,  

P t  should be noted t h a t  i n  aurora  s p e c t r a  a r e l a t i v e  i n t e n s i t y  v a r i a t i o n  of 
t h e  l i n e s  c o m i i e r e d ,  by about from 3 : 1 t o  1 : 3 was observed [3, 133. 

dom. Therefore ,  i n  a f t e rg low the  l i n e s  8446 1 and 7774 1 a r e  emi t ted  by 
"hot" atoms, whose k i n e t i c  enei'gy exceeds s i g n i f i c a n t l y  E. This must l e a d  

t o  t h e  widening of l i n e  contour,  d i s t i n c t  from t h e  usua l  Doppler. However, 

because of t h e  weakness of emissions,  t h e  observa t ion  of t h i s  e f f e c t  is 
d i f f i c u l t .  

0 

e 

I n  the  process  (1) about 0.6 ev pass  t o  progress ive  degrees of  free- 

d yrocess  analoyous t o  (1) i s  poss ib l e  also wTth t h e  p a r t i c i p a t i o n  
3 of ar;;on atoms i n  metastable  st;s.,te 4 

s t a t e  is z l s o  i r ? f i . n i t e lg  great' 

Po ( t h e  r a d i a t i o n  l i f e t i m e  of t h i s  

Ar (hypo) + 02 -+ Ar (3'1%) 4- 0 ( 2 v )  -f 0 (2's, 2 ' 0 ) .  (15) 

The r : :F~ l loz  l i f e t i m e s  of t h e  L - - - -  ~ e r - u w  L A -.. --a 2% aimut equal 

t o  100 and 0.7 s e c  r e s p e c t i v e l y .  5%;: i s  vhy i t  c&es sense t o  cons ider  t h e  

p o s s i ? i l i t y  of l i n e  5577 1 af terglow,  bes inning  wi th  t h e  l e v e l  2ko, Inas- 
m c k  as the  cross  s e c t i o n s  of processes  (1) and (15) a r e  about i d e n t i c a l  

[l], the  t i n e  cons tan t  9 w i l l  be determined, as ?reviously,  by t h e  Table 

and the  formula (10). (Ve may neFlect  t h e  s m a l l  d i f f e r e n c e  i n  t h e  r e l a t i v e  

v e l o c i t i e s ) .  The c a l c u l a t i o n  of l i n e ' s  5577 1 af te rg low is  conducted i n  t h e  



9. 

-1 sane way as f o r  t he  l i n e  8446 1. The d i f f e rence  c o n s i s t s  i n  t h a t  A =! 1 s e c  

and t h e  condi t ion  T > l / A  

That is w3y we have i n s t e a d  of ( 9 )  
is f u l f i l l e d  f o r  s u f f i c i e n t l y  h igh  layers .  

,+IT - - e-AT + qe-AL dh. (16) t 
,=- 

- A 1/T ( AT 

KO 8 i r e c t  measurenents of the  r e l a t i v e  f r a c t i o n  of atoms 0 f 2 l s )  
and 0 (2’D) i n  t he  process  (15) wew made; however, one may assume t h a t  

p -0.3. The e x c i t a t i o n  c r o s s  s e c t i o n  of the  l e v e l  4 P o o f  argon by e lec -  

t r o n s  must b.e about t he  same as for t he  l e v e l  3 Po of neon. In t he  given 

case we  may assume f= 0.5 . Indeed, 

q r e a t e r  t h a t  t h a t  of neon atoms. In  t h e  reg ion  of d i f f u s i v e  sepa ra t ion  

(h 3110-  120 kn), and because of d i f f e rence  i n  atomic weights,  t he  con- 

c e n t r a t i o n  of argon decreases  w i t h  he igh t  s u b s t a b t i a l l y  faster than  that 
of neon. I n  s p i t e  of t h i s ,  t h e r e  is s t i l l  about 2 o r d e r s  more of argon 
than  neon a t  the  he ight  of 150 km. That  is why we may assume [Ar]h-15@8-10 

a f t e r  primary f lux ’  i s o l a t i o n  the  t e r n s  p ropor t iona l  t o  e w i l l  damp. 

Subseauent af terglow of the  v e r t i c a l  column of t h e  atmosphere is descr ibed 

by a formula analogous t o  (14). S u b s t i t u t i n g  i n  (16) the  corresponding nume- 

r i c a l  vz lues  a n d  assuming 

3 
3 

p(h) decreases  wi th  height .  

The concent ra t ion  of A r  atoms a t  he igh t s  , L 9 O k m  is s i g n i f i c a n t l y  

8 
- C I i p  

It may be seen from formula (16) t h a t  dur ing  t h e  f i r s t  f e w  seconds 

A / (A - 1/ T) w 1, we s h a l l  ob ta in  

Lerk 11.”’- ne(u~0;’)  is the p r o b a b i l i t y  of argon’s l e v e l  b3PO exci -  

t a t i o n .  
---- *--L.---.+- .Irnm -he rnca.sure:;.,ent of t h e  course of l i n e  33’ / /  k A ~ L ~ G A - ~ ~ ~  -_ c -- 

t he  e x c i t a t i o n  pulse  w s i s  conducted only i n  the  course of t h e  f i r s t  few 

seconds wi th  the view of determining the  l i f e t i m e  of oxygen l e v e l  2 k 0  

i n  t h e  ataosphere c14, 153. Apparently, f o r  t h a t  l i n e ,  j u s t  as f o r  8446 i 
f u r t h e r ,  more d e t a i l e d  and extended aeasurements of the  course of i n t e n s i t y  

drop would, be necessary t o  determine the  l i f e t i m e  of argon and neon atoms i n  



Yetastpble s t y t e .  7 r o m  such rnezsure.xnts PXC a l s o  by tkese atons' f luores-  

cence xore founded e s t i n a t e s  of arqon a d  xeon concentrat ion i n  the  upper 

atmomhere can be made. 'The described processes m a y  also pkLy a part i n  t h e  

"wind-cone e f f e c t "  01 the  afterglow t a i l  a f t e r  r ap id  s h i f t  of t he  e x c i t i n g  

elec'lron bealn r e l a t i v e  t o  the Flowing region of the atmosphere 

moreover, i p  the fo rna t ion  of the  d i f fus ion  backFround of luminescence, 

surroundinb tke b r igh t  forms of aurorae C171, on zccount of d i f fus ion  of 
argon and neon a e t a s t z b l e  atoms from the  e x c i t a t i o n  reyion. 

C161, and: 

The processes of ener,c;y t r a n s f e r  i n  the upper atmosukere at c o l l i s i o n s  

with p a r t i c i y q t i o n  of atoms and molecules i n  metastable s ta tes  deserve a 
se r ious  a t t e n t i o n ,  inasnuch as the  b a s i c  a-tnosbhere cons t i t uen t s ,  such as 
N2, 02,0, N, A r ,  Tie ar,d H e ,  have metastable l e v e l s  w i t h  s i , p i f i c a n t  l i f e t imes .  

C o ~ :  tr a c t No . NAS - 5-3 7 60 Trans la ted  by ANDRE L. ERICHANT 
Consul tants  & Dnsigners,. Inc. 

h l i n g t o n ,  V i rg in i a  on 6 -  8 October 1965 
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